) lJNIVERSITY of CALIFORNIA BERKELEY r"' inc of the metal surface. Ordered domains of graphitic carbon also yielded hit:h specular intensities. The magnitude of the intensity maxima for helium beams scattered from ordered surface structures of various chemi--sorbed gases (CO, c 2 H 2 ) was _sensitive to surface order but insensitive to the type of surface structure formed. For all the surface structures studied the scattered helium beam distribution was directed with the intensity maximum Bt the specular angle. The surface temperature dependence of the scattered ::;pecular intensity was monitored in the temperature range 450°K to l300°K. Anomalous changes in the beam intensity could be associated with the adsorption of carbon monoxide on the crystal face.
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I. INTRODUCTION
Of the different gases used in gas-solid scattering experiments, helium atomic beams appear to undergo the weakest interaction with the surface. The fraction of the incident beam scattered specularly (i.e.
the incident and scattering angles are equal) has been reported to be as large as 25"/o i~ some instances. (l) This is at least an order of magnitude greater than the specular fraction observed with other at-Jmic beoms.
Such a weak interaction is not at all surprising in view of the small size, large ionization energy, and small polarizability of the helium atom. If one defines a "reduced" energy for the gas-solid interaction as E = lili d /RT a s g where 6Hads is the heat of adsorption of the gas on a given surface, R . * is the universal gas constant, and T is the gas "temperature" , E is g 0 approxi1ootely unity for helium at 300 K on most solid surfaces because of its small heat of adsorption (s;_ 2 kcal/mole for many solids); For other rare ga;3es the reduced interaction energies are much larger due to their larger heats of adsorption. Despite its weak interaction with the surface however, the helium beam was found to be very sensitive to surface contamination. Whether ordered or disordered, adsorbed impurities present to the incoming helium atoms a scattering surface having physical characteristics (i.e. atomic weight, dimensions and force constants) quite different from those of the clean surface . . Specular intensities were found to be markedly reduced by the presence of adsorbed gas atoms on the surface. Helium beam scattering was. found to be very sensi the to atomic disorder on the surface and only slightly sensitive to tle nature of the different ordered structures (periodicity, chemistry) on the scattering surface.
II. EXPERIMENTAL
In order to carry out atomic beam scattering from clean single crystal surfaces under optimal conditions, a scattering chamber vherein an ultra high vacuum environment ( < 10 -B torr) may be rna inta ined cluring the ex periment is.required. A cut-away drawing of the bakeable uw· chamber used in this work is shown in Fig. l . The incident helium beam )asses through a gate valve containing a final collimation aperture l. 5 mm in diameter before striking the target surface. After being scatter·~d by the crystal, .. Typical operating pressures in the source, selector and s~attering chambers are 5xl0 -4 torr, 3xl0 -7 torr, and the low 10-9 torr range, respectively.
The UHV portion, bakeable to 250°C, is fabricated from 3CO series stainless steel and is pumped entireiy by sorption and ion pumps to minimize contamination. Conventional;liquid nitrogen trapped diffusion pumps exhaust the other chambers. A vibrating tuning fork (American Tj me Products Type L40 Light Chopper) was used in the selector chamber to modulate the helium beam in these studies, although it may also be rerlaced by a rotating disk velocity selector.
By the incorporation of low energy electron diffraciion (LEED) optics into the UHV scattering chamber, we are able to monitor ~n ~the atomic structure of the scattering surface before, ,during, or a:i'ter the scattering experiment. Our ability to observe the surface in situ Las led to some interesting correlations between observed helium scattering distributions and well characterized surface conditions.
The platinum crystal (MRC, purity 99.999%) used in Ghese studies was prepared by spark cutting a 1 mm thick specimen from a single crystal boule that had been previously oriented to within one half degree of the II -4-(100) direction by back reflection Laue X-ray techniques. Successively finer grades of abrasive, concluding with 0.25~ alumina were used to polish both faces of the crystal until they were parallel to each other within 1°. After this final polish, 0.5 mm thick high purity platinum supports were spot welded to the crystal and a Pt-Pt-lo% Rh thermocouple attached to its back surface for use in measuring the sample temperature.
The completed assembly was then etched (for fifteen minutes in 5o% aqua regia maintained at 100°C) and then thoroughly rinsed (in distilled water and reagent methanol). Following this treatment it was mounted on a
Varian Crystal Manipulator and installed in the vacuum system on the axis of the scattering chamber. The crystal could be raised or lowered with respect to the beam line, and could be rotated 360c about an axis bisecting its scattering surface for positioning with respect to the electron, ion, and atomic beams. Elevated sample temperatures were attained through resistive heating via the platinum holders.
Once the UHV system had been pumped down and baked out, the surface of the crystal could be cleaned by ion bombardment sputtering with 300 eV argon ions followed by heating to anneal out surface damage. The most persistent platinum surface contaminant 4 "' is carbon. '-amounts of this element stabilize the (1><1) surface structure. Upon.
heating the crystal to above ll00°K however, the carbon orders into a Trace graphite structure, the basal plane being parallel to the platinum surface.
The resultant diffraction pattern consists of narrow rings or segmented rings concentric about the (00) reflection and indicates the presence of ordered graphitic domains of random orientation. 3 This diffraction pattern will be shown in Fig. 8a . Heating the platinum crystal in oxygen at l200°K for 30-60 minutes is sufficient to remove the surface carbon.
Another persistent contaminant of the platinum (100) surface is adsorbed carbon monoxide. Since GO is (a) one of the major constituents of the residualgases in a stainless steel U1N system, and (b) has a sticking probability on clean platinum near unity, lO, 11 it posed a serious problem to the studies reported in this paper. Further, as revealed by
entire curve less intense ( -O.f~). The intensity decret: se may have 1>een due to increased surface roughness resulting in destruction of the phase coherence of the helium beam or to increased out of plar e scatter. In this case the crystal yielded no LEED pattern at any vo:tage, thus indicating considerable disorder in the bulk as well as the S' rface due to extended ion bombardment. Ion bombardment followed by subsequen annealing is used most frequently to clean and order the freshly prepared sample.
The helium scattering curve from a clean ordered r:, _atinum surfece exhibiting the (5Xl) surface structure is shown in This large intensity indicates that surface reconstru' tion rather than ordered adsorption of low molecular weight gases may e the cause of the formation of this sbrface structure. Scattering from the graphitic carbon surface structure (Fig. 8b) on the other hand _s broader than that from the (5x1) structure and lower in intensity by a Bctor of two, although it is more than twice as intense as scattering from a platinum surface that had been intentionally contaminated by disordered carbon.
~:
' -· Acetylene, when chemisorbed on the Ft(lOO) surface gives rise to a ·C(2x2) diffraction pattern indicative of 50% surface coverage. The diffraction spots are well defined but broad (Fig. lOa) and the high back--10-ground intensity reveals a great deal of surface disordeJ . Again the helium scattering curve (Fig. lOb) confirms this hypothe; is. The specular intensity is low (-0.5%) and the intensity peak broad.
C. Effect of Surface Temperature on the 3eam Intensity
Finally, the surface temperature dependence of the scattered helium intensity was measured in the range 450°K to l300°K and the results tabulai.ed in Table I . This experiment has been difficult tc carry out in the other be~tm scattering studies using epitaxial thin filmf because of the possible changes in surface roughness ( sintering) and Sl,rface orientation with surface temperature. Similarly, beams scattering tudies in non-UHV systems are restricted to elevated surface temperat 1res on account of surface contamination problems. It can be seen that while there is a decrease in scattered intensity with increasing surface temperature, this dE·crease is not monotonic as one would expect due to th::rmal vibrations of sllrface atoms. The minimum observed at 900°K is very :reproducible 3nd p:,·obabl;r is due to the adsorption of CO into the 13 binciing state on the (LOO) face of platinum during the course of the experiment.
V. DISCUSSION
We shall first consider the extent of agreement of the obserwttions reported here with previously published work. Then we shall discu,;s the results of these studies and the conclusions that can be From the data shown in Fig. 6b, 7b , 8b, 9b and lOb, .h5
' " Similar results were observed with Ni. 16 The presence of grain boundaries, differences in step heights, dislocation and. point defect densities may markedly effect the scattered intensity distribution from polycrystalline surfaces. Unfortunately no temperature dependence studies of helium scattering from clean polycrystalline surfaces has yet been reported, so we cannot check our contention that the local microscopic topography of the surface is responsible for the observed angular deviation with temperature.
Our studies indicate that while the scattered helium beam may be useful for monitoring surface disorder, it cannot distinguish well between :)rdered surface structures of different kinds. Because the intensity maxima for scattering from the (5xl) and C(4xl) structures were nearly of identical magnitude, the helium beam seems relatively insensitive to the periodicity of the scattering lattice. The clean platinum surface and the graphitic carbon surface, however, yielded scattered intensities that were different by a factor of two. This is largely due to the different atonic n:asses of platinum and carbon (a mass ratio effect), because a calculation of the relative helium scattering intensities from platinum and Iii -14-graphite surfaces using the hard cube model 21 -23 gives ·oughly a factor of three difference, even though the predicted angle of maximum inten,.
sity is incorrect. Thus, while the scattered intensity of the helium beam is slightly sensitive to the chemical nature of th = scr:ttering surface, it is probably npt selective enough to be experimentally useful. from the expected fall off is probcbly due to the adsorption of the (3 binding state of CO from the ambient atmosphere. As we stated earlier, this species desorbs near 880°K and the small temperature difference is probably not enough to prevent the gradual readsorption of the gas.
Our observation of the enhanced helium scattering by ordered graphitic carbon seems to be unique. Me;rill and Smith 24 have reported no difference in the maximum intensity for helium beams scattered from amorphous and ordered carbon on a platinum (lll) surface and they. show a drastic increase in the half width (18°~ 4o 0 ) in going from the amorphous to the ordered state. On the (100) surface there appears to be a slight decrease ( 4oo__ 30°) in the half width in going to the ordered surface as would be predicted by our earlier arguments and more than a twofold increase in the intensity maximum. We can advance no satisfactory explanation for this phenomenon other than the inherent differences in the atomic structure of the two crystal planes.
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